A 66 year old man was diagnosed with CNS diffuse large B-cell lymphoma, and underwent treatment with Temozolomide, Dexamethasone, Rituximab, and radiation therapy, and prolonged steroid taper with Dexamethasone. Approximately one month after this, he presented with severe acute hypoxemic respiratory failure, and was admitted to the Medical Intensive Care Unit. Imaging showed diffuse ground glass opacities. Patient underwent diagnostic bronchoalveolar lavage which was positive for Pneumocystis jiroveci. He did not respond well to appropriate therapy and was transitioned to comfort care per his family's wishes, and expired. Pneumocystis jiroveci should always be included in the differential diagnosis of pneumonia in patients treated with Temozolomide, especially when this agent is used in combination with long term, high dose corticosteroids and radiation therapy. 
Case report
A 66-year-old man presented to emergency department for worsening headaches and bilateral lower extremity weakness for two weeks, leading to a fall on the day of presentation. A week prior, he was found to have a mass in the corpus callosum extending into bilateral parietal lobes. He reported insidious onset of diffuse headaches, progressively getting worse, recurrent falls, dizziness and lower extremity weakness. He was started on levetiracetam and oral dexamethasone 4 mg four times a day. Patient's past medical history was remarkable for Factor V Leiden mutation and had been on Coumadin previously. Upon initial admission, patient was afebrile, and hemodynamically stable. Neurologic exam was remarkable for markedly decreased strength in lower extremities, and patellar hyper-reflexia. Laboratory work-up revealed hemoglobin 15.1 g/dL, leukocyte count of 12.9 Â 10 9 /L with 13% lymphocytes (reference 13%e52%) and 78% neutrophils (important to note; patient was on oral dexamethasone). CT head showed 5.8 Â 1.8 cm hyper-dense mass involving splenium of the corpus callosum with extension into the corona radiata of bilateral parietal lobes, and surrounding vasogenic edema causing mass effect on the adjacent lateral ventricles. Patient underwent right parietooccipital stereotactic brain biopsy, and the results were consistent with Diffuse Large B-Cell Lymphoma (DLBCL). CALGB 50202 protocol-based chemotherapy, was initiated and patient received Methotrexate 8 mg/m2 IV on day 1 and 15, Leucovorin, Temozolomide 150 mg/m2/day PO on days 7e11 and Rituximab 375 mg/ m2 IV days (3, 10, 17, 24) . Patient tolerated the chemotherapy well and was discharged home on a tapering dose of dexamethasone after a month long stay in the hospital. The patient continued to follow up with physical therapy and made a remarkable recovery, was able to ambulate without any support. However a month later he had syncope at home, witnessed by family. He was brought to our emergency department and was diagnosed with sepsis secondary to complicated urinary tract infection and pneumonia. Broad spectrum antibiotic therapy with piperacillin/tazobactam, vancomycin and azithromycin was started. On arrival to the emergency department, he was found to be in respiratory distress and was profoundly hypoxic (Pulse oximetry 83%), hence he was started on face-mask 50% oxygen and later switched to high flow oxygen. CT head with contrast did not show any interval change. CT thorax with contrast ruled out pulmonary emboli, however significant new ground glass opacities were noted throughout the lung fields along with pneumomediastinum (Fig. 1) . Thoracic surgeon did not recommend any intervention at that time; it was believed to be due to possible pleural bleb rupture. Patient continued to have worsening of his oxygenation and was transitioned to non-invasive positive pressure ventilation and eventually required intubation and mechanical ventilation overnight.
Complete blood work up revealed absolute lymphocyte count of 0.32 Â 10 2 /mL (2%, normal reference range 13e52%), which further dropped to 1% over the course of hospital stay. He was diagnosed with severe acute respiratory distress syndrome (ARDS), and did not show any improvement in the ground glass opacities after 24 hours of furosemide challenge (Fig. 2) , in the setting of mildly elevated pro-BNP from baseline and concentric left ventricular hypertrophy with a normal ejection fraction of 60%. Patient continued to deteriorate clinically, requiring vasopressor support. He underwent diagnostic broncho-alveolar lavage (BAL) on day-3 and the stains were positive for Pneumocystis jiroveci. Intravenous bactrim was added to the antibiotic regimen, and at this time the patient was on 4 mg decadron twice daily. Unfortunately he did not respond to the treatment and had poor prognosis from the primary CNS lymphoma, hence patient's health-care proxy decided on comfort care measures, and patient expired.
This case report describes a 66-year-old man undergoing chemotherapy with temozolomide for primary CNS lymphoma (DLBCL), who developed isolated lymphopenia and pneumocystis jiroveci pneumonia leading to acute hypoxemic respiratory failure.
Discussion
Temozolomide is an alkylating agent, which was initially approved in 1999 for treatment of refractory anaplastic astrocytoma, and in March 2005 for glioblastoma multiforme, in combination with radiation therapy. Temozolomide has shown significant improvement in survival curve of these patients; however many adverse effects are reported, primarily myelosuppression, hematologic toxicity and infections [1] . However due to growing concern of neurocognitive toxicity from whole-brain radiotherapy (WBRT), researchers have been motivated to study alternate chemotherapeutic agents in patients with primary CNS lymphoma (PCNSL). Temozolomide is currently under investigation for CNS lymphomas, low-grade gliomas, melanomas and brain metastases. In one clinical trial, out of forty-four patients who received Methotrexate, Temodar and Rituximab (MT-R) for induction chemotherapy, 66% had complete remission [2] . The patient in this case also received MT-R for induction based on CALGB 50202 protocol. Dose-dependent administration schedules have showed marked antitumor activity, however such dose-dependent schedules have been associated with marked isolated lymphopenia leading to immunosuppressive states, giving rise to increasing numbers of fatal opportunistic infections [3e6] .
Use of corticosteroids in brain therapy causes further lymphopenia and immune-suppressed state [7, 8] . Hence it is important to rule out HIV and other causes of lymphopenia such as human T-cell lymphotropic virus type I (HTLV-1) [9] . Pneumocystis jiroveci infections have been reported in patients with brain cancer undergoing treatment with temozolomide, other less common opportunistic infections observed with temozolomide include Aspergillus pneumonia, Herpes simplex, herpes zoster and candidiasis [9, 10] .
Despite multiple cases of opportunistic infections reported with the use of temozolomide, no specific guidelines exist for prophylaxis due to paucity of conclusive evidence, as no trials have been performed to assess the need for such prophylaxis. One retrospective review of 240 patients who received temozolomide for brain tumor reported only one patient to have been diagnosed with Pneumocystis jiroveci (PJP), without PJP prophylaxis (0.4%; 95% CI: 0.01e2.00) with a medium dose of 737 mg/m2 of temozolomide [3] . Due to adverse effects associated with use of antibiotics, there is a need for risk stratification of these patients undergoing chemotherapy with temozolomide, and guidance for PJP prophylaxis. Unfortunately only glioblastomas have been studied the most so far, hence we will use this model with an extrapolation for primary CNS lymphoma [8] .
Pneumocystis jiroveci, previously known as Pneumocystis carinii, causes fatal pneumonia, especially in immune-compromised hosts, it is transmitted via air-borne route, acquired by person-toperson transmission [11] . PJP primarily exits as asymptomatic infection in general population [8, 10, 12] , however it can manifest as dry cough, low-grade fever, and mild dyspnea to severe hypoxic failure in HIV-negative patients. Examination findings are often consistent with tachypnea, hypoxemia, tachycardia, and normal to near-normal lung auscultation. The incidence and mortality rates are much higher in HIV-positive with low CD-4 counts, solid-organ transplant recipients, connective tissue disorders, hematologic and solid malignancies, and inflammatory bowel disease [13e22]. HIV positive patients, in contrast to HIV negative patients, tend to manifest symptoms at a younger age (42 ± 15 vs. 68 ± 13 years), whereas HIV negative patients are twice as likely to have an underlying pulmonary disease [23] . Mortality rate from PJP secondary to hypoxic failure in patients with HIV is approximately 10e20% Fig. 1 . CT thorax. compared with 35e50% in those without HIV [24e26]. PJP manifests as symmetric, atypical ground glass opacities in peri-hilar or lower zones, it can vary from interstitial infiltrates to cavity lesions [27] . Diagnostic tools include staining P jiroveci cysts in sputum or bronchoalveolar lavage (BAL) fluid, direct antigen immunofluorescence and PCR. In comparison to microscopy, PCR has a much higher sensitivity in diagnosis and quantitative PCR can be used to distinguish between PJP infection and colonization with higher accuracy. Tissue biopsy is rarely required for diagnosis, whereas new modalities of diagnosis, such as PET scan and (1,3)-beta-dglucan are still under investigation [28, 29] .
Having discussed the role of CD-4 cells, it is vital to mention that B cells play an essential role in expansion and generation of colonies of protective effector and memory CD4 À T cells in response to
Pneumocystis lung infection. One animal study comparing pneumocystis jiroveci/carinii in mice expressing MHC class II (MHC II) on all antigen presenting cells (APCs) and mice expressing MHC II on all APCs except B cells, showed that CD-4 T cells from B-cell deficient mice did not infiltrate the lungs efficiently and hence resulting in less clearance of Pneumocystis jiroveci from the lungs [30] . Basic laboratory research has also shown that Pneumocystis carinii in mice is dependent on B cells, one such study showed reduced number of activated CD-4 T cells in lungs and lymph nodes in chimeric mice with reduced CD 40 expression had delayed clearance of P. carinii infection [31] .
Of note, our patient also received Rituximab, which impairs Bcell function. A retrospective study at Mayo clinic Rochester reviewed patients from 1998 to 2011, who were diagnosed with pneumocystis pneumonia and had received rituximab treatment. A total of 30 patients met this criteria and 29 and out of these 30 patients were not receiving any prophylaxis. Ninety percent of these patients had hematological disease and seventy-three percent were undergoing different chemotherapies. Three patients received rituximab alone, and still developed Pneumocystis pneumonia, thus highlighting the role of this agent. This study supports the importance of the role of B-cells in defense against PJP, as rituximab is a monoclonal antibody that binds to the CD20 antigen on B-lymphocytes. This study also suggested primary prophylaxis for patients receiving rituximab [32] .
A recent meta-analysis of 11 cohort studies compared the incidence of Pneumocystis with and without rituximab. The analysis concluded convincingly that rituximab was associated with increased risk of PJP and was further increased in lymphoma patients undergoing rituximab-containing chemotherapies. Prophylaxis once again proved to be effective and resulted in significantly reduction of PJP incidence. It is pertinent to mention HIV patients were excluded from these studies [33] .
Similarly steroids are associated with increased risk of PJP; a retrospective analysis of 116 patients without AIDS at Mayo Clinic with first episode of Pneumocystis carinii, between 1985 and 1991 showed that patients receiving prolonged, high-dose corticosteroid treatment (16e25 mg of prednisone per day or !4 mg dexamethasone daily for !4 weeks) are also at high risk of PJP, regardless of underlying type or stage of malignancy, or use of other chemotherapy agents [34] .
The Fifth-European Conference on Infections in Lekemia (ECIL-5) recently published recommendations for prophylaxis against Pneumocystis jirovecii pneumonia (PJP) in non-HIV-infected patients in 2016. Trimethoprim/sulfamethoxazole was termed as the drug of choice of primary prophylaxis of PJP, followed by pentamidine, atovaquone and dapsone as alternatives when trimethoprim/ sulfamethoxazole is poorly tolerated or contraindicated. Patients requiring prophylaxis were identified as those receiving 20 mg or higher doses of prednisone per day for 4 weeks, patients with ALL, allogeneic HSCT, and those receiving treatment with alemtuzumab, fludarabine/cyclophosphamide/rituximab combinations. Other patients groups identified as high risk are those undergoing radiation therapy for brain tumors or metastasis, along with high doses of steroids [35] .
Conclusion
Currently the following recommendations regarding PJP prophylaxis in high-grade glioma patient being treated with a temozolomide have been suggested in a published research article [30] .
-Corticosteroid use with a daily dose equal to or exceeding 3 mg dexamethasone-equivalent for more than 3 weeks: prophylaxis should be continued for a month after steroid discontinuation, provided CD4 þ has returned to normal Physician discretion has been recommended in considering PJP prophylaxis for -Elderly population (>65 years); prophylaxis can be discontinued at the end of chemoradiation-provided CD4 count returns to normal -Patients with immunosuppressive treatment for solid tumors, bone marrow transplants, rheumatologic conditions, connective tissue disorders or inflammatory bowel disease It has also been suggested that PJP primary prophylaxis should be started if lymphocyte count falls below 500 cells/uL or CD4 þ count falls below 200 cells/uL and prophylaxis should be continued until the counts return to normal. The current choice of PJP prophylaxis is TMP-SMX (sulfamethoxazole 800 mg; trimethoprim 160 mg) once daily dose, in case of intolerance aerosolized pentamidine has been suggested as an alternative [36] .
Therefore we can infer from the existing published literature that in the absence of any contraindications in patients with primary CNS lymphoma treated with temozolomide especially with the concurrent use of steroids, radiation or other immunosuppressant drugs, PJP prophylaxis can be considered either at the initiation of the treatment or when lymphocyte count and CD4 þ count falls below 500 cells/uL and 200 cells/uL respectively. It can be continued either until the end of the treatment or the return of the cell counts to normal.
All available and emerging evidence demonstrates that there are multiple factors that play a role in increasing the risk for acquiring this opportunistic infection, and therefore careful consideration of potential risk factors in each patient on an ongoing basis is paramount. Our patient we presented was on temozolomide, received radiation therapy, and steroid therapy, and therefore was profoundly immunocompromised, leading to severe PJP infection. We have learnt from this case that physicians should be extremely vigilant regarding these patients who are at risk for PJP pneumonia and consider starting prophylaxis on a case-by-case basis.
